APPENDIX A
EQUATIONS USED IN ANALY SIS
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Table A-1.1. Constituent Concentration In Residential Plot Due to Erosion

Adult Resident Exposure Scenario

SL0 £ X C0 X ER SLBF X CB,Surr X ER Ds
= : + :

. Z2R

R ksy X Mg M, X ks, kse

Parameter Definition Central Tendency | High End
Ck Constituent concentration at residential
plot (mg/kg)
SLor Soil load delivered to off-site location for Calculated
material originating in source area (kg/yr) (see Equation A-1.2.)
Slge Soil load delivered to off-site location for Calculated
material originating in buffer area (kg/yr) (see Equation A-1.7.)
Co/sur Constituent concentration in buffer and Calculated
surrounding areas (mg/kQ) (see Equation A-1.11.)
Dsyyr Deposition term for the residential plot Calculated
(mg/kg.yr) (see Equation A-1.24.)
G Source contaminant concentration (mg/kg) Chemical-specific
kss Constituent loss constant from the Calculated
residential plot (1/yr) (see Equation A-1.25.)
Mg Mass of soil in mixing depth of residentia Calculated
plot (kg) (see Equation A-1.32.)
ER Constituent enrichment ratio (unitless) Organics=3
Metals=1

Description

This equation is used to calculate the mass of constituent deposited onto residential plot asa
result of erosion from the source.
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Table A-1.2. Soil Load Delivered to Off-Site Location for Material Originating from

Source Area

All Exposure Scenarios

SLoe = Xos X Ag X (1-SDgg) X SF ¢

Parameter Definition Central Tendency | High End
SLor Soil load delivered to off-site location
for material originating from source
area (kg/yr)
es Unit soil loss from source (kg/m?-yr) Calculated (see Table A-1.3))
A Area of source (m?) Source-specific
SDg Sediment delivery ratio for sub-basin Calculated (see Table A-1.4.)
(unitless)
SFor Scaling factor Caculated (see Table A-1.6.)

Description

This equation is used to calculate the load of eroded soil originating from the source that is
deposited onto the off-site location of interest.
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Table A-1.3. Universal Soil Loss Equation (USLE) for the Source Area

All Exposure Scenarios

Xe‘S:RSXKSXLSSXCSXPSX

907.18
4047

Parameter Definition Central Tendency High End
Xes Unit soil loss from the source
(kg/m?lyr)
Rq USLE rainfal (or erosivity) factor 428 50
(Lyr)
Kg USLE erodibility factor (ton/acre) 0.37
LS USLE length-slope factor 15
(unitless)
Cs USLE cover management factor 0.1
(unitless)
Py USLE supporting practice factor 1
(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (m?acre)

Description

This equation calculates the soil loss rate from the source, using the Universal Soil Loss
Equation; the result is used in the soil erosion load equation.
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Table A-1.4. Sediment Delivery Ratio

All Exposure Scenarios

SDgg = a x (AS+AB/Surr+AF)7b

Parameter Definition Central Tendency High End
SDg Sediment delivery ratio for sub-
basin (unitless)
a Empirical intercept coefficient Depends on sub-basin area; see table
below
Ag Area of source (m?) Waste management scenario specific
Agisur Areaof buffer and surrounding Calculated (see Table A-1.5.)
areas (m?)
Ar Areaof off-site location of interest | Ag. field = 2,000,000
(m?) Residential plot or home garden =
5,100
b Empirical dope coefficient 0.125

Description

This equation calculates the sediment delivery ratio for the sub-basin; the result is used in the
soil erosion load equation.

Values for Empirical Intercept Coefficient, a

Sub-basin "g'
(AS+AB/SUIT+AF) coefficient
(unitless)
<0.1 21
1 1.9
10 1.4
100 1.2
1,000 0.6
1 s9. mile = 2.59x10° n?
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Table A-1.5. Buffer and Surrounding Areas

All Exposure Scenarios

Agisurr = Gy X \/A—F if A > Ag

Agsur = WAr + Q) x JAs - (Ao if Ag = AL but JAS < d + /A

Agisurr = As = A if Ay > A, and \/A—s > d, + \/A—F
Parameter Definition Central Tendency High End
Agisur Areaof buffer and surrounding

areas (m?)
d, Distance between source and 300 75

field (side length of buffer area)

(m)
Ar Area of off-site |ocation of Ag field = 2,000,000

interest (m?) Residential plot or home garden = 5,100
Ag Area of source (m?) Waste management of scenario-specific

Description

This equation calculates the area of the buffer and surrounding areas for each of the different
exposure scenarios.
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Table A-1.6. Scaling Factor

All Exposure Scenarios

AF
SFor =
As + Agiur + Ae
Parameter Definition Central Tendency High End
Sk Scaling factor
Ar Areaof off-site |ocation of Ag. field = 2,000,000
interest (m?) Residential or home garden = 5,100
Agsur Areaof buffer and surrounding Calculated (see Table A-1.5.)
area (m?)
Ag Area of source (m?) Waste management scenario-specific
Description

Thisterm is used to determine what portion of the total amount of eroded source material
available for deposition within the sub-basin will be deposited onto just the off-site location of
interest.
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Table A-1.7. Soil Load Delivered to Off-Site Location for Material
Originating from Buffer Area

All Exposure Scenarios

SLgr = Xeg X Ag X (1-SDgg) X SFy

Parameter Definition Central Tendency | High End
Slge Soil load delivered to off-site location
for materia originating from buffer
area (kg/yr)
Xep Unit soil loss from buffer area (kg/m?- Calculated (see Table A-1.8.)
Sec)
Ag Areaof buffer (m?) Calculated (see Table A-1.9.)
SDg Sediment delivery ratio for sub basin Calculated (see Table A-1.4.)
(unitless)
SFg ¢ Scaling factor Calculated (see Table A-1.10.)
Description

This equation is used to calculate the load of eroded soil originating from the buffer areathat is
deposited onto the off-site location of interest.
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Table A-1.8. Universal Soil Loss Equation (USLE) for Buffer Area

All Exposure Scenarios

Xep = Rg X Kg X LS5 x Cg X Py X 92;'1178
Parameter Definition Central Tendency High End

Xep Unit soil loss for buffer area (kg/m? -

yn)
Ry USLE rainfal factor (1/yr) 428 50
Kg USLE erodibility factor (ton/acre) 0.37
LS USLE length-slope factor (unitless) 15
Cs USLE cover factor (unitless) 0.1
Py USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (m?/acre)

Description

This equation is used to calculate the soil loss rate from the buffer area using the Universal
Soil Loss Equation; the result is used in the soil erosion load equation.
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Table A-1.9. Buffer Area

All Exposure Scenarios

Ag = dyx /A if AL >

Ag =dyx /Ay if Ay >

Parameter Definition Central Tendency | High End
A Areaof buffer (m?)
d, Distance between source and field 300 75
(side-length of buffer area) (m)

Ar Area of off-site location of interest (m?) | Ag. Field = 2,000,000
Residential plot or home garden =
5,100

Ag Area of source (m?) Waste management scenario-

specific
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Table A-1.10. Scaling Factor

All Exposure Scenarios

SFgr =
T Agsur T AR
Parameter Definition Central Tendency High End

Skg e Scaling factor
Ar Area of off-site location (m?) Ag. field = 2,000,000

Residential plot or home garden =

5,100
Agisur Areaof buffer and surrounding Calculated (see Table A-1.5.)

area (m?)

Description

This term is used to determine what portion of the total amount of eroded buffer material

available for deposition within the sub-basin, will be deposited onto just the off-site location of

interest.
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Table A-1.11. Constituent Concentration Due to Erosion in Buffer and Surrounding Areas

All Exposure Scenarios

SL X C0 X ER Ds

CB/S _ 0,B/Surr + (1),B/Surr
urr
kSB/Surr X IVIB/Surr kSB/Surr
Parameter Definition Central Tendency | High End

Co/sur Constituent concentration in the buffer
and surrounding area (mg/kg)

SLos/sur Soil load delivered to buffer and Calculated
surrounding area (kg/yr) (see Equation A-1.12.)

G Source constituent concentration Chemical-specific
(mg/kg)

KSs/surr Constituent loss constant for buffer and Calculated
surrounding area (1/yr) (see Equation A-1.15.)

Mo/surr Mass of soil in mixing depth of buffer Calculated
area (kg) (see Equation A-1.23))

Dsy). sisur Deposition term for off-site field Calculated (see Table A-1.14.)
(mg/kg.yr)

ER Constituent enrichment ratio (unitless) Organics=3

Metals=1
Description

This equation is used to calculate the constituent concentration in the buffer and surrounding
areas as aresult of erosion from the source.
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Table A-1.12. Soil Load Delivered to Buffer and Surrounding Area
for Material Originating from Source

All Exposure Scenarios

SL

0,B/Surr

= Xes X Ag X (1 - SDgg) X SF

0,B/Surr

Parameter Definition Central Tendency | High End
SLog/sur Soil load delivered to buffer and
surrounding area (kg/yr)
Xes Unit soil loss from source (kg/m?-yr) Calculated (see Table A-1.3))
A Area of source (m?) Source-specific
SDg Sediment delivery ratio for sub-basin Calculated (see Table A-1.4.)
(unitless)
SFog/sur Scaling factor Calculated (see Table A-1.13))

Description

This equation is used to calculate the load of eroded soil originating from the source that is
deposited onto the buffer and surrounding areas.
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Table A-1.13. Scaling Factor

All Exposure Scenarios

A
SE o = B/Surr
pesu As + Agisur *Ae
Parameter Definition Central Tendency High End

SFo gjsur Scaling factor
Ar Area of off-site location (m?) Ag. field = 2,000,000

Residential plot or home garden =

5,100
Agjsur Areaof buffer and surrounding Calculated (see Table A-1.5.)

area (M?)

Ag Area of source (m?) Waste management scenario-specific

Description

Thisterm is used to determine what portion of the total amount of eroded source material
available for deposition within the sub-basin, will be deposited onto just the buffer and

surrounding aress.

A-13




Table A-1.14. Deposition Rate Factor to Buffer and Surrounding Areas

All Exposure Scenarios

100 x
)S(l),B/Surr = ﬁ X [F, (0.31536 x Vdv. x Cyv, + Dywv.) + (Dydp. + Dywp_) x (1 - F,)
B/Surr
Parameter Definition Input Value
Dsy grsurr Deposition term for buffer and
surrounding areas (mg/kg-yr)
100 Units conversion factor
(Img-m?]/[kg-cm?])
Q Source emissions (g/sec) Waste mgt. scenario-specific
Zojsur Soil mixing depth of buffer and
surrounding areas - untilled (cm) 25
BD Soil bulk density (g/cm®) 15
F, Fraction of air concentration in vapor Chemical-specific (see Appendix B of
phase (dimensionless) Background Document)
0.31536 Units conversion factor (m-g-s/cm-pg-
yn)
Vdve Dry deposition velocity for field (cm/s) 3
Cyve Normalized vapor phase air Modeled (see Appendix B of
concentration for field Background Document)
(Mg-s'g-m?)
Dywv, Normalized yearly wet deposition from Modeled (see Appendix B of
vapor phase for field (§m?-yr) Background Document)
Dydp: Normalized yearly dry deposition from Modeled (see Appendix B of
particle phase for field (§m?-yr) Background Document)
Dywpe Normalized yearly wet deposition from Modeled (see Appendix B of

particle phase for field (§m?-yr)

Background Document)

Description

These equations calculate average air deposition occurring over the exposure duration as a result of wet
and dry deposition of particles onto soil, deposition of wet vapors to soil and diffusion of dry vapors to
soil. Contaminants are assumed to be incorporated only to afinite depth (the mixing depth, Z). The air
deposition rates (per unit area) for the buffer and surrounding areas are assumed to be the same as the
air deposition rates (per unit area) to the field.
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Table A-1.15. Constituent Loss Constant

All Exposure Scenarios

ks = ksl

B/Surr

B/Surr * kseB/Surr * kSI’B/Surr * kSgB/surr * kSVB/Surr

Parameter Definition Central Tendency High End
KSs/sur Constituent loss constant due to all
processes for the buffer and
surrounding areas (1/yr)
kS g/surr Constituent loss constant due to Calculated
leaching (1/yr) (see Table A-1.16.)
ksey/sur Constituent loss constant due to Calculated
soil erosion (1/yr) (see Table A-1.19.)
KSrg/surr Constituent loss constant due to Calculated
surface runoff (1/yr) (see Table A-1.21.)
ksge Constituent loss constant due to Chem. Specific (App. F of
degradation (1/yr) Background Document)
KSVg,sur Constituent loss constant due to Calculated

volatilization (1/yr)

(see Table A-1.22)

Description

This equation cal cul ates the constitutent |oss constant, which accounts for the loss of
constituent from soil by several mechanisms.
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Table A-1.16. Constituent Loss Constant Due to Leaching

All Exposure Scenarios

P+1-R-E,
kSIB/Surr =
0 xZg,, X [1.0+(BD x Kd,/0)]
Input Value
Parameter Definition Houston LA

kS g/surr Constituent loss constant for buffer

and surrounding area due to

leaching (1/yr)
P Average annual precipitation 119.1 28.7

(cmiyr)
I Average annual irrigation (cm/yr) 0 0
R Average annua runoff (cm/yr) 13 13
E, Average annual evapotranspiration 22.7 7.3

(criyr)
0 Soil volumetric water content Calculated (see Table A-1.17.)

(mL/cm®)
Zaisurr Soil depth of buffer and

surrounding area from which 25

leaching removal occurs - untilled

(cm)
BD Soil bulk density (g/cm?) 15
Kd, Soil-water partition coefficient Chemical-specific

(cm/g) (see Appendix F of Background

Document)

Description

This equation cal culates the constituent |oss constant due to leaching from soil.
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Table A-1.17. Soil Volumetric Water Content

All Exposure Scenarios

e

0-6,|-1
KS
Parameter Definition Central Tendency High End
0 Soil volumetric water content
(mL/cmd)
0, Soil saturated volumetric water 0.43
content (mL/cm?)
q Average annual recharge rate Calculated
(cmlyr) (see Table A-1.18.)
K, Saturated hydraulic conductivity 808
(cmiyr)
b Soil-specific exponent representing 54
water retention (unitless)
Source: SEAM.
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Table A-1.18. Average Annual Recharge

All Exposure Scenarios

q=P+I1-E, -R;

Parameter Definition Central Tendency High End
q Average annual recharge rate

(cmiyr)
P Average annual precipitation (cm/yr) 119.1 28.7
I Average annua irrigation (cm/yr) 0
E, Average annual evapotranspiration

(cmlyr) 22.7 7.3
Ry Average annual runoff (cm/yr) 13 13

Source: SEAM.
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Table A-1.19. Constituent Loss Constant Due to Erosion

All Exposure Scenarios

Ar
X[SDg + (1-SDgg)(—————

0.1 x ER x X
s B/Surr * AF):I de x BD
kseB/Surr = X
BD X Zg, 0 + (Kd, x BD)
Paramete Definition Central Tendency High End
r
kseys,r | Constituent loss constant for buffer and Calculated
surrounding area due to soil erosion
(Lyr)
Xepsur | Unit soil loss for buffer and surrounding Calculated (see Table A-1.20.)
area (kg/m?/yr)
0 Soil volumetric water content (mL/cm®) Calculated (see Table A-1.17.)
Zgsr | SOIl mixing depth for buffer and
surrounding area - untilled (cm) 2.5
BD Soil bulk density (g/cm?) 15
Kd, Soil-water partition coefficient (mL/Q) Chemical-specific
(see Appendix F of Background
Document)
SDy | Sediment delivery ratio for the sub-basin Caculated (see Table A-1.4).
(unitless)
ER Constituent enrichment ratio (unitless) Organics=3
Metals- 1
Ar Area of off-site location (m?) Ag. Field = 2,000,000
Residential plot or home garden = 5,100
Agsr | Buffer and surrounding areas (m?) Calculated

(See Table A-1.5))
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Table A-1.20. Universal Soil Loss Equation (USLE) for Buffer and Surrounding Areas

All Exposure Scenarios

Xepisurr = Resurr X Kegsurr X LSgisurr X Coysurr X Poysurr %
Parameter Definition Central Tendency High End
Xegrsur Unit soil loss for buffer and
surrounding area (kg/m? -yr)
Re/surr USLE rainfall factor (1/yr) 428 50
Ke/sur USLE erodibility factor (ton/acre) 0.37
LS sur USLE length-dope factor (unitless) 15
Co/surr USLE cover factor (unitless) 0.1
Ps/surr USLE erosion control practice factor 1.0
(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (m?/acre)

Description

This equation is used to calculate the soil loss rate from the buffer and surrounding area using
the Universal Soil Loss Equation; the result is used in the soil erosion load equation.
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Table A-1.21. Constituent Loss Constant Due to Runoff

All Exposure Scenarios

ksr = R X L
BT 0% Zgy | 1+ (Kd,xBD/9)

Parameter Definition Central Tendency High End
KSrg/surr Constituent loss constant for buffer
and surrounding area due to runoff
(Lyr)
R Average annua runoff (cm/yr) 13 13
0 Soil volumetric water content Calculated (see Table A-1.17.))
(mL/cmd)
Zgisur Soil mixing depth of buffer and 2.5
surrounding area - untilled (cm)
Kd, Soil-water partition coefficient Chemical-specific
(cm/g) (see Appendix F of Background
Document)
BD Soil bulk density (g/em?) 15
Description

This equation calculates the constituent loss constant due to runoff from soil.
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Table A-1.22. Constituent Loss Constant Due to Volatilization

All Exposure Scenarios

ksv,

BISUT 17 cure X KA, XRX T X BD

3.1536x10" x H

X

0.482 x u®78x

4xA

-0.67 011
“a X B/Surr
p,xD, T

Parameter Definition Central Tendency High End
KSVg/ur Constituent loss constant for buffer
and surrounding area due to
volatilization (1/yr)
3.1536x10" | Conversion constant (s/yr)
H Henry's law constant (atm-m*/mol) Chemical-specific (see Appendix F of
Background Document)
Zeisur Soil mixing depth of buffer and 2.5
surrounding area - untilled (cm)
Kd, Soil-water partition coefficient Chemical-specific (see Appendix F of
(cm/g) Background Document)
R Universal gas constant (atm-m*/mol- 8.205x10°
K)
T Ambient air temperature (K) 294 290
BD Soil bulk density (g/cm?) 15
u Average annua windspeed (m/s) 4.1 4.1
U, Viscosity of air (g/cm-s) 1.81x10*
Pa Density of air (g/lcm®) 1.2x103
D, Diffusivity of constituent in air Chemical-specific (see Appendix F of
(cm?/s) Background Document)
Agisur Surface area of buffer and Calculated
surrounding area (m?) (see Table A-1.5))

Description

This equation calculates the constituent loss constant due to volatilization from soil.

Source: |EM.
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Table A-1.23. Mass of Soil in Mixing Depth of Buffer and Surrounding Areas

All Exposure Scenarios

IVIB/Surr = ZB/Surr X AB/Surr x BDx 10

Parameter Definition Central Tendency High End
Ma/sur Mass of soil in mixing depth of

buffer and surrounding area (kg)
Zgisur Soil mixing depth for buffer and 2.5

surrounding area - untilled (cm)
Agjsur Area of buffer and surrounding areas Calculated

(m?) (see Table A-1.5)
BD Soil bulk density (g/cm®) 15
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the buffer and surrounding areas that
will be mixing with the mass of eroded material.
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Table A-1.24. Deposition Rate Factor to Residential Plot from Source

Adult Resident Exposure Scenario

~100xQ
Ds(l)’R = ﬁ X [F, (0.31536 x Vdv_ x Cyv, + Dywv,) + (Dydp + Dywp.) x (1 - F )]
Parameter Definition Input Value

Dsyr Deposition term for residential plot -
Adult Resident (mg/kg-yr)

100 Units conversion factor
(Img-m?]/[kg-cm?])

Q Source emissions (g/m?-s) Waste mgt. scenario-specific

Z: Soil mixing depth of residential plot
- untilled (cm) 25

BD Soil bulk density (g/cm®) 15

F, Fraction of air concentration in vapor Chemical-specific (see Appendix B of
phase (dimensionless) Background Document)

0.31536 Units conversion factor (m-g-s/cm-pg-yr)

Vdve Dry deposition velocity for field (cm/s) 3

Cyve Normalized vapor phase air concentration | Modeled (see Appendix B of Background
for field (umg-gg-m) Document)

Dywv, Normalized yearly wet deposition from Modeled (see Appendix B of Background
vapor phase for field (syr) Document)

Dydp: Normalized yearly dry deposition from Modeled (see Appendix B of Background
particle phase for field (s/yr) Document)

Dywpe Normalized yearly wet deposition from Modeled (see Appendix B of Background
particle phase for field (s/yr) Document)

Description

These equations calculate average air deposition occurring over the exposure duration as a result of wet
and dry deposition of particles onto soil, deposition of wet vapors to soil, and diffusion of dry vapors to
soil. Contaminants are assumed to be incorporated only to a finite depth (the mixing

depth, 2).
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Table A-1.25. Constituent Loss Constant

Adult Resident Exposure Scenario

ksp = ksl + kseg + ksry + ksg, + ksvg

Parameter Definition Central Tendency High End
kss Constituent loss constant due to all
processes from resident plot - Adult
Resident (1/yr)
kdg Constituent loss due to leaching Calculated
(Lyr) (see Table A-1.26.)
kse; Constituent loss due to soil erosion Calculated
(Lyr) (see Table A-1.27.)
ksrg Constituent loss due to surface Calculated
runoff (1/yr) (see Table A-1.30.)
ksgg Constituent loss due to degradation | Chem. Specific (see Appendix F of
(Lyr) Background Document)
ksvg Constituent loss due to Calculated

volatilization (1/yr)

(see Table A-.31..)

Description

This equation calcul ates the constituent loss constant, which accounts for the loss of
constituent from soil by several mechanisms.
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Table A-1.26. Constituent Loss Constant Due to Leaching

Adult Resident Exposure Scenario

P+I-R-E
ksl = .
0 x Z, x [1.0+(BD x Kd,/0)]
Parameter Definition Central Tendency High End
kdg Constituent loss residential plot due
to leaching - Adult Resident (1/yr)
P Average annual precipitation 119.1 28.7
(criyr)
I Average annual irrigation (cm/yr) 0 0
R Average annua runoff (cm/yr) 13 13
E, Average annual evapotranspiration 22.7 7.3
(criyr)
0 Soil volumetric water content Calculated
(mL/cmd) (see Table A-1.17.)
Zy Soil depth for residential plot which
leaching removal occurs - untilled 25
(cm)
BD Soil bulk density (g/em?) 15
Kd, Soil-water partition coefficient Chemical-specific
(cm/g) (see Appendix F of Background
Document)

Description

This equation cal culates the constituent loss constant to leaching from soil.
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Table A-1.27. Constituent Loss Constant Due to Erosion

Adult Resident Exposure Scenario

B ABF
0.1 X ER X X,z X[SDg + (1 SDSB)(ﬁ)] ( Kd, x BD )
kseg = X
BD x Z, 0 + (Kd, x BD)
Parameter Definition Central Tendency High End
kse; Constituent loss constant due to
erosion for residential plot -
Adult Resident (1/yr)
Xer Unit soil loss from the residential Calculated
plot (kg/m?/yr) (see Table A-1.28.)
SDg; Sediment delivery ratio for sub- Calculated
basin (unitless) (seeTable A-14.)
ER Contaminant enrichment ratio Organics=3
(unitless) Metals=1
BD Soil bulk density (g/cm?) 15
Z: Soil mixing depth of residential 25
plot - untilled (cm)
Kd, Soil-water partition coefficient Chemical-specific
(cm/g) (see Appendix F of Background
Document)
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cmd)
Ar Areaof residentia plot (m2) Residentia plot = 5,100
Agr Buffer area between residential Calculated
plot and waterbody (m?) (see Table A-1.29..)

Description

This equation calculates the constituent |oss constant due to runoff from soil.
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Table A-1.28. Universal Soil Loss Equation (USLE) for Residential Plot

Adult Resident Exposure Scenario

Xe’R:RRxKRxLSRxCRxPRx

907.18
4047

Parameter Definition Central Tendency High End
Xer Unit soil loss from the residential plot
(kg/m? -yr)
Rx USLE rainfal factor (1/yr) 428 50
Kg USLE erodibility factor (ton/acre) 0.37
LS USLE length-slope factor (unitless) 15
Cr USLE cover factor (unitless) 0.1
P USLE erosion control practice factor 1.0
(unitless)
907.18 Units conversion factor (kg/ton)
4047 Units conversion factor (m?/acre)

Description

This equation is used to calculate the soil loss rate from the residential plot using the Universal
Soil Loss Equation.
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Table A-1.29. Area of Buffer Between Field and Waterbody

All Exposure Scenarios

Ay =0 it JAs < dy+ /A
Poe = A X (A — dy = AL) if JA > dy+ /A

Parameter Definition Central Tendency High End
Agr Area of buffer between field and
waterbody (m?)
Ar Areaof fied (m?) Ag. Field = 2,000,000
Residential plot or home garden = 5,100
Ag Area of source (m?) Waste management scenario-specific
d, Distance between source and field 300 75

(side-length of buffer area) (m)
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Table A-1.30. Constituent Loss Constant Due to Runoff

Adult Resident Exposure Scenario

ksrg, = R X 1
OxZ, | 1+(Kd,xBD/0)
Parameter Definition Central Tendency High End
ksrg Constituent loss constant due to
runoff for residential plot - Adult
Resident (1/yr)
R Average annua runoff (cm/yr) 13 13
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cmd)
Zy Soil mixing depth of residentia plot 25
- untilled (cm)
Kd, Soil-water partition coefficient Chemical-specific
(cm/g) (see Appendix F of Background
Document)
BD Soil bulk density (g/cm?) 15

Description

This equation calculates the constituent loss constant due to runoff from soil.
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Table A-1.31. Constituent Loss Constant Due to Volatilization

Adult Resident Exposure Scenario

ksv, =

R

3.1536x10 " x H

X

Z,xKd,xRxTxBD

-0.67 011
0.482xu%"®x _Ha x| |AXA
p,xD, T

Parameter Definition Central Tendency High End
ksvg Constituent loss constant due to
volatilization from residential plot -
Adult Resident (1/yr)
3.1536x10’ Conversion constant (s/yr)
H Henry's law constant (atm-m*/mol) Chemical-specific
(see Appendix F of Background
Document)
Zy Soil mixing depth of residentia plot
- untilled (cm) 25
Kd, Soil-water partition coefficient Chemical-specific
(cm/g) (see Appendix F of Background
Document)
R Universal gas constant (atm-m*/mol- 8.205x10°
K)
T Ambient air temperature (K) 294 290
BD Soil bulk density (g/cm?) 15
u Average annua windspeed (m/s) 4.1 4.1
U, Viscosity of air (g/cm-s) 1.81x10*
Pa Density of air (g/lcm®) 1.2x10°3
D, Diffusivity of constituent in air Chemical-specific
(cm?/s) (see Appendix F of Background
Document)
A Area of residential plot (m?) 5,100

Description

This equation calculates the constituent |oss constant due to volatilization from soil.
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Table A-1.32. Mass of Soil in Mixing Depth of Residential Plot

Adult Resident Exposure Scenario

M, =2, x A- x BD x 10

Parameter Definition Central Tendency High End
Mg Mass of soil in mixing depth of

residential plot - Adult Resident (kg)
Zy Soil mixing depth for residential plot 25

- untilled (cm)
A Area of residential plot (m?) 5,100
BD Soil bulk density (g/cm®) 1.5
10 Units conversion factor

Description

This equation is used to caculate the total mass of soil in the residential plot that will be
mixing with the mass of eroded material.
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Table A-2.1. Concentration In Home Garden Due to Erosion

Home Gardener Exposure Scenario

 SLyeXCoXER  SLge X Cyg XER DSy 10
e KSpg X My kSpe X Mg KSpe
Parameter Definition Central Tendency | High End

Cuc Constituent concentration at home
garden (mg/kg)

SLor Sail load delivered to off-site location Calculated (see Equation A-1.2.)
for material originating in source area
(kglyr)

Slgr Sail load delivered to off-site location Calculated (see Equation A-1.7.)
for materia originating in buffer area
(kglyr)

Co/sur Constituent concentration in buffer and | Calculated (see Equation A-1.11)
surrounding areas (mg/kQ)

Dsiyy e Deposition term for the home garden Calculated (see Equation A-2.9.)
(mgrkg.yr)

G Source constituent concentration Chemical-specific
(mg/kg)

ks Congtituent loss constant from the Calculated (see Equation A-2.2.)
home garden (1/yr)

ER Constituent enrichment ratio (unitless) organics=3

metals=1

Mg Mass of soil in mixing depth of home Calculated (see Equation A-2.8.)

garden (kg)

Description

This equation is used to calculate the mass of constituent deposited onto either the home
garden as aresult of erosion from the source.
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Table A-2.2. Constituent Loss Constant

Home Gardener Exposure Scenario

ksp = ksl + kse,g + ksrg + KsQ,,g + KSVyg

Parameter Definition Central High End
Tendency

kSys Constituent soil loss constant due
to all processes from home garden
(L/yr)

kd,s Constituent loss constant due to Calculated (see Table A-2.3.)
leaching (1/yr)

kse, Constituent loss constant due to Calculated (see Table A-2.4)
soil erosion (1/yr)

ksrys Constituent loss constant due to Calculated (see Table A-2.6.)
surface runoff (1/yr)

kSO Constituent loss constant due to Chemical specific (see Appendix F
degradation (1/yr) of Background Document)

ksv,s Constituent loss constant due to Calculated (see Table A-2.7.)

volatilization (1/yr)

Description

This equation calcul ates the constituent loss constant, which accounts for the loss of
constituent from soil by several mechanisms.
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Table A-2.3. Constituent Loss Constant Due to Leaching

Home Gardener Exposure Scenario

ksl

P+1-R-E,

M6 = B x Z, x [1.0 + (BD x Kd_/0)]

Input Value
Parameter Definition Houston LA
kd,s Constituent loss constant due to
leaching for home gardener (1/yr)
P Average annual precipitation 119.1 28.7
(ciyr)
I Average annua irrigation (cm/yr) 0 0
R Average annua runoff (cm/yr) 13 13
E, Average annual evapotranspiration 22.7 7.3
(criyr)
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cmd)
Zo Soil depth of home garden from
which leaching removal occurs —
tilled (cm)
BD Soil bulk density (g/em?)
Kd, Soil-water partition coefficient Chemical-specific

(cm®/g)

(see Appendix F of Background

Document)

Description

This equation calculates the constituent loss constant due to leaching from soil.
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Table A-2.4. Constituent Loss Constant Due to Erosion

Home Gardener Exposure Scenario

-~ ABF
0.1 X ER X X, X [SDgz + (1 SDSB)(A X ABF)] [ Kd, x BD ]
ksey,g = X
BD X Z,¢ 6 + (Kd, x BD)
Parameter Definition Central Tendency High End
kse,s Constituent loss constant due to
erosion for home gardener (1/yr)
Xeho Unit soil loss from the home Calculated (see Table A-2.5.)
garden (kg/m?/yr)
SDg Sediment delivery ratio for sub- Caculated (see Table A-1.4.)
basin (unitless)
ER Constituent enrichment ratio Organics=3
(unitless) Metals=1
BD Soil bulk density (g/cm?) 15
Zis Soil mixing depth of home 20
garden —tilled (cm)
Kd, Soil-water partition coefficient Chemical-specific (see Appendix F of
(cm/g) Background Document)
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cm®)
Ar Area of home garden 5,100
Agr Buffer area between home Calculated (see Table A-1.29.)
garden and waterbody (m?)

Description

This equation calculates the constituent |oss constant due to runoff from soil.
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Table A-2.5. Universal Soil Loss Equation (USLE) for Home Garden

Home Gardener Exposure Scenario

907.18
Xemo = RFye X Kyg X LSyg X Gy X Pyg 4047
Parameter Definition Central High End
Tendency
Xene Unit soil loss from home garden
(kg/m?lyr)
RF, USLE rainfall factor (1/yr) 428 50
Kus USLE erodibility factor (ton/acre) 0.36
LS USLE length-slope factor 15
(unitless)
Cuc USLE cover management factor 0.1
(unitless)
Puc USLE supporting practice factor 1
(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (m?acre)

Description

This equation is used to calculate the soil 1oss rate from the home garden using the Universal

Soil Loss Equation.
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Table A-2.6. Constituent Loss Constant Due to Runoff

Home Gardener Exposure Scenario

ksr - R 1
Shig = X
0xZ,; {1+ (Kd,xBD/0)

Parameter Definition Central High End
Tendency
ksre Constituent loss constant due to
runoff for home gardener (1/yr)
R Average annua runoff (cm/yr) 13 13
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cm®)
Zic Soil mixing depth of home garden — 20
tilled (cm)
Kd, Soil-water partition coefficient Chemical-specific (see Appendix F
(cm?/q) of Background Document)
BD Soil bulk density (g/cm?) 15
Description

This equation calculates the constituent loss constant due to runoff from soil.
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Table A-2.7. Constituent Loss Constant Due to Volatilization

Home Gardener Exposure Scenario

067 XA -0.11
7
KsVy,g = 3.1536x10°xH |, 19 480 x 4078 x ( L ) x[ X F] l
Z,:XKd,xRxTxBD p, XD, T
Parameter Definition Central High End
Tendency
ksvig Constituent loss constant due to
volatilization for home gardener (1/yr)

3.1536x10’ Conversion constant (s/yr)

H Henry's law constant (atm-m*/mol) Chemical-specific (see Appendix F
of Background Document)

Zs Soil mixing depth of home garden — 20

tilled (cm)

Kd, Soil-water partition coefficient (cm*/g) Chemical-specific (see Appendix F
of Background Document)

R Universa gas constant (atm-m*/mol-K) 8.205x10°

T Ambient air temperature (K) 294 290

BD Soil bulk density (g/cm?) 15

u Average annua windspeed (m/s) 4.1 4.1

U, Viscosity of air (g/cm-s) 1.81x10*

Pa Density of air (g/lcm®) 1.2x103

D, Diffusivity of constituent in air (cm?/s) Chemical-specific (see Appendix F
of Background Document)

A Area of home garden (m?) 5,100

Description

This equation calculates the constituent loss constant due to volatilization from soil.
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Table A-2.8. Mass of Soil in Mixing Depth of Home Garden

Home Gardener Exposure Scenario

Mys = Zys X Ac x BD x 10

Parameter Definition Central Tendency High End
Muc Mass of soil in mixing depth of

home garden (kg)
Zo Soil mixing depth for home garden — 20

tilled (cm)
A Area of home garden (m?) 5,100
BD Soil bulk density (g/cm?) 15
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the home garden that will be mixing
with the mass of eroded material.
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Table A-2.9. Deposition Rate Factor to Home Garden from Source

Home Gardener Exposure Scenario

100
DSy 6 - % x [F, (0.31536 X Vv, X CyV, + Dywv,,.) + (Dydp,,. + Dywp,) X (1 - F,)]
HG
Parameter Definition Input Value
Dsyyhe Deposition term for home garden
(mg/kg-yr)
100 Units conversion factor
(Img-m?]/[kg-cm?])
Q Source emissions (g/sec) Waste mgt. scenario-specific
Zio Soil mixing depth of home garden — 20
tilled (cm)
BD Soil bulk density (g/cm®) 15
F, Fraction of air concentration in vapor Chemical-specific (see Appendix B of
phase (dimensionless) Background Document)
0.31536 Units conversion factor
(m-g-s'cm-Lg-yr)
Vdvyg Dry deposition velocity for home 3
garden (cm/s)
CyVis Normalized vapor phase air Modeled (see Appendix B of
concentration for home garden Background Document)
(Mg-s'g-m?°)
Dywv,g Normalized yearly wet deposition from Modeled (see Appendix B of
vapor phase for home garden (s'm?-yr) Background Document)
Dydpyc Normalized yearly dry deposition Modeled (see Appendix B of
from particle phase for home garden Background Document)
(S/mP-yr)
Dywpig Normalized yearly wet deposition from Modeded
particle phase for home garden (§/m? (see Appendix B of Background
yr) Document)

Description

These equations calculate average air deposition occurring over the exposure duration as a result of wet
and dry deposition of particles onto soil, deposition of wet vapors to soil, and diffusion of dry vapors to
soil. Constituents are assumed to be incorporated only to a finite depth (the mixing

depth, 2).
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Table A-2.10. Aboveground Produce Concentration Due to Direct Deposition

Home Gardener Scenario

HG

- 1000 x Q x(1-F,)x [Dydp,g + (Fw x Dywp,;5)] x Rp x [(1.0 - exp(-kp x Tp)]

Yp x kp

Parameter Definition Central Tendency High End
Pd. ¢ Concentration in plant due to direct
deposition (mg/kg) - Home Gardener
1000 Units conversion factor (mg/g)
Q Emissions () Waste mgt. scenario-specific
F, Fraction of air concentration in vapor Chemical-specific (see Appendix F of
phase (dimensionless) Background Document)
Dydpyc Normalized yearly dry deposition from Modeled (see Appendix B of
particle phase (§m?-yr) Background Document)
Fw Fraction of wet deposition that adheres Chemical-specific (see Appendix F of
to plant (dimensionless) Background Document)
Dywpig Y early particle phase wet deposition Modeled (see Appendix B of
rate (g/m?/yr) Background Document)
Rp Interception fraction of edible portion of
plant (dimensionless)
- aboveground vegetable 0.04
- forage 0.5
- root vegetable
kp Plant surface |loss coefficient (1/yr) 18
Tp Length of plant exposure to deposition
of edible portion of plant, per harvest
(yrs) 0.16
- grain, root vegetable and
aboveground vegetable 0.12
- forage
Yp Yield or standing crop biomass of the
edible portion of the plant (kg DW/m?)
- gran 0.3 0.14
- root vegetable 0.09 0.09
- aboveground vegetable 174
- forage 0.24

Description
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This equation calculates the constituent concentration in aboveground vegetation due to wet and dry
deposition of constituent on the plant surface.

Table A-2.11. Aboveground Produce Concentration Due to Air-to-Plant Transfer

Home Gardener Scenario

Cyvye X BV x VG,

Pv = QX F, X o
Parameter Definition Default Value

PV Concentration of constituent in the plant due to
air-to-plant transfer (mg/kg) - Home Gardener

Q Emissions (Q) Waste mgt. scenario-

specific

F, Fraction of air concentration in vapor phase Chemical-specific
(dimensionless) (see Appendix F of

Background
Document)

CyVys Normalized vapor phase air concentration Modeled

(Mg-sec/g-m?) (see Appendix B of
Background
Document)

Bv Air-to-plant biotransfer factor Chemical-specific
([mg constituent/kg plant tissue DW]/[ug (see Appendix F of
constituent/g air]) Background

Document)

VG, Empirical correction factor for above-ground 0.01
produce (dimensionless)

Pa Density of air (g/lcm®) 1.2x 103

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of vapor phase chemicalsinto the plant leaves.




Table A-2.12. Aboveground Produce Concentration Due to Root Uptake

Home Gardener Scenario

Pro = Cys X Br
Parameter Definition Central High End
Tendency

Pris Concentration of constituent in the plant
due to direct uptake from soil (mg/kg) -
Home Gardener

Cuc Average soil concentration of Calculated
constituent over exposure duration (seeTable A-2.1)
(mg/kg)

Br Plant-soil bioconcentration factor for Chemical-specific
aboveground produce [pg/g DW]/[ug/g (see Appendix F see Background
soil] Document)

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of chemicals from soil.




Table A-2.13. Root Vegetable Concentration Due to Root Uptake

Home Gardener Scenario

C,s X RCF
Prbg,HG = HGT

Parameter Definition Central Tendency High End

Prog he Concentration of constituent in
bel owground plant parts due to root
uptake (mg/kg) - Home Gardener

Cuc Soil concentration of constituent Calculated
(mg/kg) (see Table A-2.1))

RCF Ratio of concentration in roots to Chemical-specific
concentration in soil pore water ([mg (see Appendix F of Background
constituent/kg plant tissue FW] / [«g Document)
constituent/mL pore water])

Kd, Soil-water partition coefficient (mL/qg) Chemical-specific

(see Appendix F of Background
Document)

Description

This equation calculates the constituent concentration in root vegetables due to uptake from
the soil water.




Table A-3.1. Constituent Concentration In Agricultural Field Due to Erosion

Subsistence Farmer Exposure Scenario

SLye XxCy xER  SL;p X Cgie,y X ER Ds(l) oF
SFT Ty i * '
kSSF X MSF kSSF X MSF kSSF
Parameter Definition Central Tendency | High End

Co Constituent concentration in
agricultura fied (mg/kg)

SLor Soil load delivered to off-site location Calculated (see Equation A-1.2.)
for material originating in source area
(kalyr)

Slge Soil load delivered to off-site location Calculated (see Equation A-1.7.)
for materia originating in buffer area
(kalyr)

Co/surr Constituent concentration in buffer and Calculated (see Equation A-
surrounding areas (mg/kQ) 1.11)

Dsyy s Deposition term for the agricultural Calculated (see Equation A-3.9.)
field (mg/kg.yr)

G Source constituent concentration Chemical-specific
(mg/kg)

kss Constituent loss constant from the Calculated (see Equation A-3.2.)
agricultural field (L/yr)

\V/ Mass of soil in mixing depth of Calculated (see Equation A-3.8.)
agricultural field (kg)

ER Constituent enrichment ratio (unitless) organics=3

metals=1

Description

This equation is used to calculate the mass of constituent deposited onto the agricultural field
as aresult of erosion from the source.
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Table A-3.2. Soil Loss Constant

Subsistence Farmer Exposure Scenario

ksge = kslgp + ksege + ksrgo + ksgg- + Ksvge

Parameter Definition Central High End
Tendency

kSq Constituent soil loss constant due
to all processes from agricultural
field (Lyr)

kd o Constituent loss constant due to Caculated (see Table A-3.3)
leaching (1/yr)

kseg Constituent loss constant due to Calculated (see Table A-3.4)
soil erosion (1/yr)

ks Constituent loss constant due to Calculated (see Table A-3.6.)
surface runoff (1/yr)

ksgs Constituent loss constant due to Chemical-specific (see Appendix F
degradation (1/yr) of Background Document)

ksvg Constituent loss constant due to Calculated (see Table A-3.7.)

volatilization (1/yr)

Description

This equation calcul ates the constituent loss constant, which accounts for the loss of
constituent from soil by several mechanisms.
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Table A-3.3. Loss Constant due to Leaching

Subsistence Farmer Exposure Scenario

P+1-R-E,
kslge =
O xZ,x[1.0+(BD x Kd,/0)]
Input Value
Parameter Definition Houston LA

kd g Constituent loss constant due to

leaching for agricultural field (1/yr)
P Average annual precipitation 119.1 28.7

(criyr)
I Average annua irrigation (cm/yr) 0 0
R Average annua runoff (cm/yr) 13 13
E, Average annual evapotranspiration 22.7 7.3

(criyr)
0 Soil volumetric water content Calculated (see Table A-1.17.)

(mL/cmd)
Zy Soil depth of agricultural field from 20

which leaching removal occurs —

tilled (cm)
BD Soil bulk density (g/cm?) 15
Kd, Soil-water partition coefficient Chemical-specific

(cm/g) (see Appendix F of Background

Document)

Description

This equation calculates the constituent |oss constant due to leaching from soil.
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Table A-3.4. Constituent Loss Constant Due to Erosion

Subsistence Farmer Exposure Scenario

-~ ABF
0.1 X ER X X, X [SDgz + (1 SDSB)(AF X ABF)] [ Kd, x BD ]
ksege = X
BD X Z 6 + (Kd, x BD)
Parameter Definition Central Tendency High End
kseg Constituent loss constant due to
erosion for agricultura field
(Lyr)
Xesr Unit soil loss from the Calculated (see Table A-3.5.)
agricultural field (kg/m?yr)
SDg Sediment delivery ratio for sub- Caculated (see Table A-1.4.)
basin (unitless)
ER Constituent enrichment ratio Organics=3
(unitless) Metals=1
BD Soil bulk density (g/em?) 15
Zy Soil mixing depth of agricultural 20
field—tilled (cm)
Kd, Soil-water partition coefficient Chemical-specific (see Appendix F of
(cm/g) Background Document)
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cmd)
Ar Areaof agricultura field (m?) 2,000,000
Agr Buffer area between agricultural Caculated (see Table A-1.29))
field and waterbody (m?)

Description

This equation calculates the constituent loss constant due to runoff from soil.
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Table A-3.5. Universal Soil Loss Equation (USLE) for Agricultural Field

Subsistence Farmer Exposure Scenario

907.18
Xe‘SF = RF X Kge X LSge X C X P 2087
Parameter Definition Central High End
Tendency
Xesr Unit soil loss from the agricultural
field (kg/m?/yr)
RF USLE rainfal factor (1/yr) 428 50
Kee USLE erodibility factor (ton/acre) 0.37
LS USLE length-slope factor 15
(unitless)
Cqr USLE cover management factor 0.1
(unitless)
Py USLE supporting practice factor 1
(unitless)
907.18 Conversion factor (kg/ton)
4047 Conversion factor (m?/acre)

Description

This equation is used to calculate the soil loss rate from the agricultura field using the
Universal Soil Loss Equation.
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Table A-3.6. Constituent Loss Constant Due to Runoff

Subsistence Farmer Exposure Scenario

Ksrge = R X
OxZ, | 1+(Kd,xBD/0)
Parameter Definition Central High End
Tendency
ksro Constituent loss constant due to
runoff from agricultural field (L/yr)
R Average annua runoff (cm/yr) 13 13
0 Soil volumetric water content Calculated (see Table A-1.17.)
(mL/cmd)
Zy Soil mixing depth of agricultural 20
field—tilled (cm)
Kd, Soil-water partition coefficient Chemical-specific (see Appendix F
(cm/g) of Background Document)
BD Soil bulk density (g/cm?) 15

Description

This equation calculates the constituent loss constant due to runoff from soil.
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Table A-3.7. Constituent Loss Constant Due to Volatilization

Subsistence Farmer Exposure Scenario

ksv,

% | ZyxKd,xRx TxBD

3.1536x10" x H X

-0.67 011
4xA
0.482xu%78x| ——2 X F
p,xD, T

Parameter Definition Central High End
Tendency

ksvge Constituent loss constant due to
volatilization for agricultura field
(Lyr)

3.1536x10’ Conversion constant (s/yr)

H Henry's law constant (atm-m*/mol) Chemical-specific (see Appendix F

of Background Document)

Ly Soil mixing depth of agricultural field 20
(cm)

Kd, Soil-water partition coefficient Chemical-specific (see Appendix F
(cm?¥/q) of Background Document)

R Universal gas constant (atm-m*/mol- 8.205x10°
K)

T Ambient air temperature (K) 294 290

BD Soil bulk density (g/cm?) 15

u Average annua windspeed (m/s) 4.1 4.1

U, Viscosity of air (g/cm-s) 1.81x10*

Pa Density of air (g/lcm®) 1.2x103

D, Diffudivity of congdtituent in air Chemical-specific (see Appendix F
(cm?/s) of Background Document)

Ar Areaof agricultura field (m?) 2,000,000

Description

This equation calculates the constituent loss constant due to volatilization from soil.
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Table A-3.8. Mass of Soil in Mixing Depth of Agricultural Field

Subsistence Farmer Exposure Scenario

MSF:ZSFXAFXBDxlO

Parameter Definition Central Tendency High End
Mg Mass of soil in mixing depth of

agricultura field (kg)
Zy Soil mixing depth for agricultural 20

field —tilled (cm)
Ar Areaof agricultura field (m?) 2,000,000
BD Soil bulk density (g/cm®) 1.5
10 Units conversion factor

Description

This equation is used to calculate the total mass of soil in the agricultural field that will be

mixing with the mass of eroded material.
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Table A-3.9. Deposition Rate Factor to Agricultural Field from Source

Subsistence Farmer Exposure Scenario

100 x

DSy = # X [F, (0.31536 x Vdvg. X Cyvg + Dywvg) + (Dydpge + Dywpge) X (1 - F,)]
SF

Parameter Definition Input Value

Dsyy s Deposition term for agricultural field
(mg/kg-yr)

100 Units conversion factor
(Img-m?]/[kg-cm?])

Q Source emissions (g/sec) Waste mgt. scenario-specific

Zy Soil mixing depth of agricultura field 20
(cm)

BD Soil bulk density (g/cm®) 15

F, Fraction of air concentration in vapor Chemical-specific (see Appendix B of
phase (dimensionless) Background Document)

0.31536 Units conversion factor
(m-g-s'cm-Lg-yr)

Vdvge Dry deposition velocity for agricultural 3
field (cm/s)

Cyvg Normalized vapor phase air Modeled (see Appendix B of
concentration for agricultural field Background Document)
(Mg-s'g-m?°)

Dywvge Normalized yearly wet deposition from Modeled (see Appendix B of
vapor phase for agricultural field Background Document)
(S/mP-yr)

Dydps- Normalized yearly dry deposition Modeled (see Appendix B of
from particle phase for agricultura Background Document)
field (m?yr)

Dywpge Normalized yearly wet deposition from Modeed
particle phase for agricultural field (see Appendix B of Background
(/m?-yr) Document)

Description

These eguations calculate average air deposition occurring over the exposure duration as a result
of wet and dry deposition of particles onto soil, deposition of wet vapors to soil, and diffusion of
dry vaporsto soil. Constituents are assumed to be incorporated only to afinite depth (the mixing depth,

2).
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Table A-3.10. Aboveground Produce Concentration Due to Direct Deposition

Subsistence Farmer Exposure Scenario

SF

1000 x Q x(1-F,)x [Dydpg: + (Fw x Dywpg:)] x Rp x [(1.0 - exp(-kp x Tp)]

Yp x kp
Parameter Definition Central Tendency High End
Pdy- Concentration in plant due to direct
deposition (mg/kg) - Subsistence
Farmer
1000 Units conversion factor (mg/g)
Q Emissions () Waste mgt. scenario-specific
F, Fraction of air concentration in vapor Chemical-specific (see Appendix F of
phase (dimensionless) Background Document)
Dydpse Normalized yearly dry deposition from Modeled (see Appendix B of
particle phase (§m?-yr) Background Document)
Fw Fraction of wet deposition that adheres Chemical-specific (see Appendix F of
to plant (dimensionless) Background Document)
Dywpge Y early particle phase wet deposition Modeled (see Appendix B of
rate (g/m?/yr) Background Document)
Rp Interception fraction of edible portion of
plant (dimensionless)
- aboveground vegetable 0.04
- forage 0.5
- root vegetable
kp Plant surface |loss coefficient (1/yr) 18
Tp Length of plant exposure to deposition
of edible portion of plant, per harvest
(yrs) 0.16
- grain, root vegetable and
aboveground vegetable 0.12
- forage
Yp Yield or standing crop biomass of the
edible portion of the plant (kg DW/m?)
- gran 0.3 0.14
- root vegetable 0.09 0.09
- aboveground vegetable 174
- forage 0.24

Description

This equation calculates the constituent concentration in aboveground vegetation due to wet and dry
deposition of constituent on the plant surface.
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Table A-3.11. Aboveground Produce Concentration Due to Air-to-Plant Transfer

Subsistence Farmer Exposure Scenario

Cyvge X BV x VG,

Pvge = QX F, X o
Parameter Definition Default Value

Pvg Concentration of constituent in the plant due to
air-to-plant transfer (mg/kg) - Subsistence
Farmer

Q Emissions (Q) Waste mgt. scenario-

specific

F, Fraction of air concentration in vapor phase Chemical-specific
(dimensionless) (see Appendix F of

Background
Document)

Cyvge Normalized vapor phase air concentration Modeled

(Mg-sec/g-m?) (see Appendix B of
Background
Document)

Bv Air-to-plant biotransfer factor Chemical-specific
([mg constituent/kg plant tissue DW]/[ug (see Appendix F of
constituent/g air]) Background

Document)

VG, Empirical correction factor for above-ground 0.01
produce (dimensionless)

Pa Density of air (g/lcm®) 1.2x 103

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of vapor phase chemical into the plant leaves.
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Table A-3.12. Aboveground Produce Concentration Due to Root Uptake

Subsistence Farmer Exposure Scenario

Pri = C X Br
Parameter Definition Central High End
Tendency

Pre Concentration of constituent in the plant
due to direct uptake from soil (mg/kg) -
Subsistence Farmer

Ce Average soil concentration of Calculated
constituent over exposure duration (see Table A-3.1)
(mg/kg)

Br Plant-soil bioconcentration factor for Chemical-specific
aboveground produce [pg/g DW]/[ug/g (see Appendix F of Background
soil] Document)

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of chemicals from soil.
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Table A-3.13. Root Vegetable Concentration Due to Root Uptake

Subsistence Farmer Exposure Scenario

Cs X RCF
Progse = = Kd

Parameter Definition Central Tendency High End

Prog s Concentration of constituent in
bel owground plant parts due to root
uptake (mg/kg) - Subsistence Farmer

Co Soil concentration of constituent Calculated
(mg/kg) (see Table A-3.1)

RCF Ratio of concentration in roots to Chemical-specific
concentration in soil pore water ([mg (see Appendix F of Background
constituent/kg plant tissue FW] / [«g Document)
constituent/mL pore water])

Kd, Soil-water partition coefficient (mL/qg) Chemical-specific

(see Appendix F of Background
Document)

Description

This equation calculates the constituent concentration in root vegetables due to uptake from

the soil water.
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Table A-3.14. Beef Concentration Due to Plant and Soil Ingestion

Subsistence Farmer Scenario

A=(FxQpxP+QsxCg)xBa

beef

Parameter

Definition

Central High End
Tendency

Concentration of constituent in beef

(mg/kg)

Fraction of plant grown on
contaminated soil and eaten by the
animal grain or forage
(dimensionless)

Qp

Quantity of plant eaten by the animal
each day (kg plant tissue DW/day)

- beef cattle—grain

- beef cattle-forage

0.47
8.8

Total concentration of constituent in
the plant eaten by the animal
(mg/kg) =Pd + Pv + Pr

Calculated (see Tables A-3.16, A-
3.17, A-3.18)

Qs

Quantity of soil eaten by the
foraging animal (kg soil/day)

0.5

Soil concentration (mg/kg)

Calculated (see Table A-3.1)

Baeet

Biotransfer factor for beef (d/kg)

Chemical-specific (see Appendix F
of Background Document)

Description

This equation cal cul ates the concentration of constituent in beef from ingestion of forage and

s0il.
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Table A-3.15. Milk Concentration Due to Plant and Soil Ingestion

Subsistence Farmer Scenario

ALik=(FxQpxP+ QsxCq) xBa,

Parameter Definition Central Tendency High End
Ak Concentration of constituent in milk
(mg/kg)
F Fraction of plant grown on 1
contaminated soil and eaten by the
animal grain or forage
(dimensionless)
Qp Quantity of plant eaten by the animal
each day (kg plant tissue DW/day)
- dairy cattle—grain 3
- dairy cattleforage 13.2
P Total concentration of constituent in Calculated (see Tables A-3.16., A-
the plant eaten by the animal 3.17., A-3.18)
(mg/kg) =
Pd + Pv + Pr
Qs Quantity of soil eaten by the 0.4
foraging animal (kg soil/day)
Cor Sail concentration (mg/kg) Caculated (see Table A-3.1)
Ba,; Biotransfer factor for milk (day/kg) Chemical-specific (see Appendix F)

Description

This equation calcul ates the concentration of constituent in milk from ingestion of forage and

s0il.
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Table A-3.16. Forage (Pasture Grass/Hay) Concentration Due to Direct Deposition

Subsistence Farmer Scenario

d- 1000 x Q x (1 - F,)[Dydpg + (Fw x Dywp.)] X Rp x [(1.0 - exp(-kp x Tp)]

Yp x kp
Parameter Definition Central Tendency | High End
Pd Concentration in plant due to direct deposition
(mg/kg)
1000 Units conversion factor (mg/g)
Q Emissions (g/s) Waste mgt. scenario-specific
F, Fraction of constituent air concentration present in Modeled (see Appendix B of
the vapor phase (dimensionless) Background Document)
Dydps: Normalized yearly dry deposition from particle Modeled (see Appendix B of
phase (§'m?-yr) Background Document)
Fw Fraction of wet deposition that adheres to plant Chemical-specific (see Appendix F
surfaces (dimensionless) of Background Document)
Dywpge Y early particle phase wet deposition rate (g/m?/yr) Modeled (see Appendix B of
Background Document)
Rp Interception fraction of edible portion of plant
(dimensionless)
- aboveground vegetable 0.04
- forage 0.5
kp Plant surface |loss coefficient (1/yr) 18
Tp Length of the plant exposure to deposition of edible
portion of plant per harvest (yrs)
- grain, root vegetable and aboveground 0.16
vegetable 0.12
- forage
Yp Yield or standing crop biomass of the edible portion
of the plant (kg DW/m?)
- gran 0.3 0.14
- root vegetable 0.09 0.09
- above-ground vegetable 174
- forage 0.24
Description

This equation calculates the constituent concentration in aboveground vegetation due to wet and dry
deposition of constituent on the plant surface.
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Table A-3.17. Forage (Pasture Grass/Hay) Concentration Due to Air-to-Plant Transfer

Subsistence Farmer Scenario

_ Cyvge X Bv x VG,

Pv
Pa
Parameter Definition Central High End
Tendency

Pv Concentration of constituent in the plant
due to air-to-plant transfer (mg/kg)

Cyvge Vapor phase air concentration of Modeled (see Appendix C of
constituent in air due to direct emissions Background Document)
(Hg congtituent/m?)

Bv Air-to-plant biotransfer factor Chemical-specific (see Appendix F
([mg constituent/kg plant of Background Document)
tissue DW]/[ug [constituent/g air])

VG, Empirical correction factor that reduces 1.0
produce concentration because Bv was
developed for azalea leaves.

Pa Density of air (g/lcm®) 1.2x 103

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of vapor phase chemicals into the plant leaves.
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Table A-3.18. Forage/Silage/Grain Concentration Due to Root Uptake

Subsistence Farmer Scenario

Pr=ys Cq X Br,
1

Parameter Definition Default Value
Pr Concentration of constituent in the plant due
to direct uptake from soil (mg/kg)
Co Average soil concentration of constituent Calculated
over exposure duration (mg/kg) (see Table A-3.1)
Br, Plant-soil bioconcentration factor plant Chemical-specific

speciesi (forage/silage/grain) [Ug/g
DW]/[ug/g soil]

(see Appendix F of
Background Document)

Description

This equation calculates the constituent concentration in aboveground vegetation due to direct
uptake of constituents from soil.
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Table A-4.1. Watershed Constituent Concentration

All Exposure Scenarios

_ DS 1yws
ws T e

WS

Parameter Definition Central High End
Tendency
Cus Constituent concentration in watershed
area outside of sub-basin (mg/kg)
Dsiyyws Deposition term for the watershed (mg/kg- | Calculated (see Equation A-
yr) 4.2))
KSws Constituent loss constant from the Calculated (see Equation A-

watershed (1/yr)

4.3)

Description

This equation is used to calculate the mass of constituent deposited onto the watershed area
outside of sub-basin as aresult of air deposition.
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Table A-4.2. Deposition Rate Factor to Watershed from Source

All Exposure Scenarios

Ds

- _100XQ e vy, x Cyv,, x 10°%) + (Dydp,,, + Dywp,) X (1-F,)]

aws =z XBD
Parameter Definition Central High End
Dsiyws Deposition rate factor for the watershed
(mg/kg-yr)
100 Units conversion factor
([mg-m?]/[kg-cm?])
Q Source emissions (g/m?-s) Waste management scenario specific
Zys Soil mixing depth in general watershed 2.5
area (cm)
BD Soil bulk density (g/em?) 15
F, Fraction of air concentration in vapor Chemical specific (see Appendix F of
phase (dimensionless) Background Document)
10° Units conversion factor (g/ug)
Vavys Gas phase mass transfer to soil (m/yr) 31,500
CyVis Normalized vapor phase air Modeled (see Appendix C of
concentration for watershed (ug-s/m-Q) Background Document)
Dywv,,s Normalized yearly wet deposition from Modeled (see Appendix C of
vapor phase for watershed (s/yr) Background Document)
Dydpys Normalized yearly dry deposition from Modeled (see Appendix C of
particle phase for watershed (s/yr) Background Document)
Dywpys Normalized yearly wet deposition from Modeled (see Appendix C of

particle phase for watershed (s/yr)

Background Document)

Description

These equations calculate average air deposition occurring over the exposure duration as a
result of wet and dry deposition of particles onto soil, deposition of wet vapors to soil, and
diffusion of dry vapors to soil. Constituents are assumed to be incorporated only to afinite
depth (the mixing depth, Z).
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Table A-4.3. Constituent Loss Constant

All Exposure Scenarios

kSyys = KSlyg + kseyg + ksryys + KsQys + KSVyys

o Central .
Parameter Definition Tendency High End
kSws Constituent loss constant due to all
processes from watershed (1/yr)
kdys Constituent loss constant for watershed Calculated (see Table A-4.4.)
due to leaching (1/yr)
kseys Constituent loss constant for watershed Calculated (see Table A-4.5.)
due to soil erosion (1/yr)
Ksrys Constituent loss constant for watershed Calculated (see Table A-4.8.)
due to surface runoff (1/yr)
kSOws Constituent loss constant for watershed Chemical specific
due to degradation (1/yr) (see Appendix F of Background
Document)
ksviys Constituent constant for watershed due Calculated (see Table A-4.9.)

to volatilization (1/yr)

Description

This equation calcul ates the constituent loss constant, which accounts for the loss of
constituent from soil by several mechanisms.
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Table A-4.4. Constituent Loss Constant due to Leaching

All Exposure Scenarios

P+1-R-E,
kslys =
0xZ,,x[1.0+(BD x Kd,/0)]
Input Value

Parameter Definition Houston LA
ks, ws Constituent loss constant for watershed

due to leaching (1/yr)
P Average annua precipitation (cm/yr) 119.1 28.7
I Average annual irrigation (cm/yr) 0 0
R Average annua runoff (cm/yr) 13 13
E, Average annual evapotranspiration 22.7 7.3

(criyr)
0 Soil volumetric water content Calculated (see Table A-1.17.)

(mL/cmd)
Zys Soil depth for watershed from which

leaching removal occurs— untilled (cm) 25
BD Soil bulk density (g/em?) 15
Kd, Soil-water partition coefficient (cm*/g) Chemical specific

(see Appendix F of Background
Document)

Description

This equation calculates the constituent loss constant due to leaching from soil.
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Table A-4.5. Constituent Loss Constant Due to Erosion

All Exposure Scenarios

0.1 x X, s XSDys XER Kd, x BD
ksey,s = ' X
BD X Z, 0 + (Kd, x BD)
Parameter Definition Central Tendency High End
kse,s | Constituent loss constant due to
erosion for watershed (1/yr)
Xews |Unit soil loss for watershed (kg/m?/yr) Calculated (see Table A-4.6.)
SDys |Sediment delivery ratio for watershed Calculated (see Table A-4.7.)
(unitless)
ER Constituent enrichment ratio (unitless) Organics=3
Metals=1
BD Soil bulk density (g/cm®) 15
Zys Soil mixing depth in watershed — 2.5
untilled (cm)
Kd, Soil-water partition coefficient (cm®/g) Chemical specific
(see Appendix F of Background
Document)
0 Soil volumetric water content (mL/cm?) Calculated (see Table A-1.17.)
0.1 Units conversion factor (g-m?)/(kg-cm?)

Description

This equation calculates the constituent |oss constant due to runoff from soil.
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Table A-4.6. Universal Soil Loss Equation (USLE) for the Watershed

All Exposure Scenarios

Xews = Rus X Kyyg X LSyg X Cyyg X Py X %
Parameter Definition Central Tendency High End

Xews Unit soil loss from the watershed

(kg/m? -yr)
Rus USLE rainfal factor (1/yr) 428 50
Kws USLE erodibility factor (ton/acre) 0.37
LSys USLE length-slope factor (unitless) 15
Cuws USLE cover factor (unitless) 0.1
Puws USLE erosion control practice factor 1.0

(unitless)
907.18 Units conversion factor (kg/ton)
4,047 Units conversion factor (m?/acre)

Description

This equation is used to calculate the soil loss rate from the watershed using the Universal Sail
Loss Equation.
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Table A-4.7. Sediment Delivery Ratio

Subsistence Fisher Scenario

SDys = @ X (Ayg) "

Parameter Definition Central High End
Tendency
SDyys Sediment delivery ratio for watershed
(unitless)

a Empirical intercept coefficient Depends on watershed area; see
table below

Aus Watershed area receiving fallout (m?) 2.93x 10°

b Empirical dope coefficient 0.125

Description

This equation calculates the sediment delivery ratio for the watershed.

Values for Empirical Intercept Coefficient, a

Watershed "'
area coefficient
(sg. miles) (unitless)
<01 2.1
1 19
10 14
100 1.2
1,000 0.6
1 sq. mile = 2.59x10° m?
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Table A-4.8. Constituent Loss Constant Due to Runoff

All Exposure Scenarios

R 1
ksr,s = X
0 x Z, 1+ (Kd, x BD/0)

Parameter Definition Central Tendency High End
ksrws Constituent loss constant due to

runoff for watershed (1/yr)
R Average annua runoff (cm/yr) 13 13
0 Soil volumetric water content Calculated (see Table A-1.17.)

(mL/cm?)
Zys Soil mixing depth in watershed

—untilled (cm) 25
Kd, Soil-water partition coefficient (cm*/g) Chemical-specific

(see Appendix F of Background
Document)
BD Soil bulk density (g/cm?) 15
Description

This equation calculates the constituent |oss constant due to runoff from soil.
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Table A-4.9. Constituent Loss Constant Due to Volatilization

All Exposure Scenarios

KSVyys =
Z,sXKd,xRxTxBD

3.1536x10" x H X

0.482 xu%"®x| —2
P

Parameter Definition Central Tendency High End
ksvyys Constituent loss constant due to
volatilization for watershed (1/yr)
3.1536x10’ Conversion constant (s/yr)
H Henry's law constant (atm-m*/mol) Chemical specific (see Appendix F of
Background Document)
Zys Soil mixing depth in watershed —
untilled (cm) 25
Kd, Soil-water partition coefficient Chemical specific
(cm/g) (see Appendix F of Background
Document)
R Universal gas constant (atm-m*/mol- 8.205x10°
K)
T Ambient air temperature (K) 294 290
BD Soil bulk density (g/em?) 15
u Average annua windspeed (m/s) 4.1 4.1
U, Viscosity of air (g/cm-s) 1.81x10*
Pa Density of air (g/lcm®) 1.2x103
D, Diffusivity of constituent in air Chemical specific
(cm?/s) (see Appendix F of Background
Document)
Aus Tota watershed surface area (m?) 2.93x10°

Description

This equation calculates the constituent loss constant due to volatilization from soil.
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Table A-4.10. Total Waterbody Load

Subsistence Fisher Scenario

Ly = Lpe *+ Lo + Lp + Lg *+ L
Parameter Definition Central High End
Tendency

L; Total constituent load to the waterbody
(9/yr)

L pep Tota (wet and dry) particle phase and Caculated (see Table A-4.11))
wet vapor phase direct deposition load
to waterbody (g/yr)

Lpis Vapor phase congtituent diffusion (dry Caculated (see Table A-4.12)
deposition) load to waterbody (g/yr)

L Runoff load from impervious surfaces Calculated (see Table A-4.16.)
(9/yr)

Lr Runoff load from pervious surfaces Caculated (see Table A-4.17.)
(9/yr)

Le Sail erosion load (g/yr) Calculated (see Table A-4.19))

Description

This equation calculates the total average waterbody |oad from wet and dry vapor and particle
deposition, runoff, and erosion loads.
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Table A-4.11. Deposition to Waterbody

Subsistence Fisher Scenario

LDep:Qx[FVx Dywwv + (1-F,) x Dytwp] x WA,

Parameter Definition Central Tendency High End
L pep Tota (wet and dry) particle phase
and wet vapor phase direct
deposition load to waterbody (g/yr)
Q Source emissions (g/m?-s) Waste management scenario-specific
F, Fraction of air in vapor phase Chemical specific
(dimensionless) (see Appendix F of Background
Document)
Dywwv Normalized yearly waterbody Modeled
average wet deposition from vapor (see Appendix C of Background
phase (s/yr) Document)
Dytwp Normalized yearly waterbody Modeled
average total (wet and dry) (see Appendix C of Background
deposition from particle phase Document)
(s'yr)
WA Waterbody area (m?) 1.0x10°

W

Description

This equation calculates the average load to the waterbody from direct deposition of wet and
dry particles and wet vapors onto the surface of the waterbody.
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Table A-4.12. Diffusion Load to Waterbody

Subsistence Fisher Scenario

L =

K, x Q x F, x Cywv x WA, x 10°®

Dif H

RxTW

Parameter Definition Central Tendency High End
Lpois Dry vapor phase constituent
diffusion load to waterbody (g/yr)
K, Diffusive mass transfer coefficient Caculated (see Table A-4.13)
(miyr)
Q Source emissions (g/m?-s) Waste management scenario specific
F, Fraction of air concentration in Chemical specific
vapor phase (dimensionless) (see Appendix F of Background
Document)
Cywv Normalized yearly waterbody Modeled
average vapor phase air (see Appendix C of Background
concentration (mg-s/g-m) Document)
WA, Waterbody surface area (m?) 1.0x10°
10° Units conversion factor (g/pug)
H Henry's law constant (atm-m?*/mol) Chemica specific
(see Appendix F of Background
Document)
R Universal gas constant (atm- 8.205x10°
m*/mol-K)
T, Waterbody temperature (K) 298
Description

This equation calculates the load to the waterbody due to vapor diffusion.
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Table A-4.13. Overall Transfer Rate

Subsistence Fisher Scenario

HOVY
K, =K'+ | Kg Y N
RxT,
Parameter Definition Central Tendency High End
K, Overdll transfer rate (m/yr)
K. Liquid phase transfer coefficient Caculated (see Table A-4.14.)
(m/yr)
Kg Gas phase transfer coefficient (m/yr) Caculated (see Table A-4.15.)
H Henry's Law constant (atm-m%mol) Chemica specific
(see Appendix F of Background
Document)
R Universal gas constant (atm-m*/mol- 8.205x 10°
K)
T, Waterbody temperature (K) 298
0 Temperature correction factor 1.026
(unitless)

Description

This equation calculates the overall transfer rate of constituent from the liquid and gas phases

in surface water.
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Table A-4.14. Liquid Phase Transfer Coefficient

Subsistence Fisher Scenario

- Flowing stream or river

- Quiescent lakeor pond |, _ \j 10 x D, x u
-

x 3.15 x 10’

d

z

0.5 0.33 -0.67
K = (CJ° x W) x Pa)l ™y | K X M x 3.15x10°
Ay p, X D,

w

p, =1 -88x10°x (T, - 273)

Parameter Definition Central Tendency High End
K. Liquid phase transfer coefficient (m/yr)
Dy, Diffusivity of chemica in water (cm?/s) Chemical specific
(see Appendix F of Background
Document)

u Current velocity (m/s) 0.7

d, Total waterbody depth (m) Calculated (d,+d,)

Cqy Drag coefficient (unitless) 0.0011

W Wind velocity, 10 m above water surface 4.1 4.1
(m/s)

Pa Density of air corresponding to water 1.2x 10°
temperature (g/cm?)

Pw Density of water corresponding to water Calculated
temperature (g/cm°)

k von Karman's constant (unitless) 04

Ay Dimensionless viscous sublayer thickness 4

My Viscosity of water corresponding to the 1.69 x 10
water temperature (g/cm-s)

3.15x10° Conversion constant (s/yr)

10* Units conversion factor (m?/cm?)

Tk Waterbody temperature (K) 298

Description

This equation calculates the transfer rate of constituent from the liquid phase for aflowing or quiescent
system.
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Table A-4.15. Gas Phase Transfer Coefficient

Subsistence Fisher Scenario

- Flowing stream or river
Ks = 36500 m/yr

- Quiescent lake or pond

0.33 -0.67
Kg = (CJ° x W) x k X Ha x 3.15x10
Ay p, X D,

Parameter Definition Central High End
Tendency
Kg Gas phase transfer coefficient (m/yr)
Cq Drag coefficient (unitless) 0.0011
W Wind velocity, 10 m above water 4.1 4.1
surface (m/s)
k von Karman's constant (unitless) 0.4
A, Dimensionless viscous sublayer 4
thickness (unitless)
My Viscosity of air corresponding to the 1.81x 10*
air temperature (g/cm-s)
Pa Density of air corresponding to water 1.2x 103
temperature (g/cm?®)
D, Diffusivity of chemical in air (cm?/s) Chemical specific
(see Appendix F of Background
Document)
3.15x10’ Conversion constant (s/yr)

Description

This equation calculates the transfer rate of constituent from the gas phase for aflowing or
quiescent system.
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Table A-4.16. Impervious Runoff Load to Waterbody

Subsistence Fisher Scenario

Ly, =Qx [F, x Dywwv + (1.0-F,) x Dytwp] x A,

Parameter Definition Central Tendency High End
L Impervious surface runoff load
(9/yr)
A, Impervious watershed area
receiving pollutant deposition 2.05x10°
(m?)
Q Source emissions (g/m?-s) Waste mgt. scenario specific
F, Fraction of air concentration in Chemical specific
vapor phase (dimensionless) (see Appendix F of Background
Document)
Dywwv Normalized yearly watershed Modeled
average wet deposition from (see Appendix B of Background
vapor phase (s/yr) Document)
Dytwp Normalized yearly watershed Modeled
average total (wet and dry) (see Appendix B of Background
deposition from particle phase Document)

(slyn)

Description

This equation cal cul ates the average runoff load to the waterbody from impervious surfacesin
the watershed from which runoff is conveyed directly to the waterbody.
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Table A-4.17. Pervious Runoff Load to Waterbody

Subsistence Fisher Scenario

Sc x BD

LR:RX(AWS—AI)X6+Kd xBDX
S

0.01

Parameter Definition Central Tendency High End
Lg Pervious surface runoff load
(9/yr)
R Average annua surface runoff 13 13
(criyr)
S Weighted average constituent Calculated (see Table A-4.18))

concentration in total watershed
soils (watershed and sub-basin)

based on surface area (mg/kg)
BD Soil bulk density (g/cm?) 15
Kd, Soil-water partition coefficient Chemical specific
(L/kg) or (cm®/g) (see Appendix F of Background
Document)
Aus Tota watershed area (m?) 2.93x10°
A, Impervious watershed area
receiving constituent deposition 2.05x10°
(m?)
0.01 Units conversion factor
(kg-cm¥mg-m?)
0 Volumetric soil water content Calculated (see Table A-1.17.)

(cm®/cmd)

Description

This equation calcul ates the average runoff load to the waterbody from pervious soil surfaces
in the watershed.
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Table A-4.18. Constituent Concentration in Total Watershed Soils Based on Surface Area

All Exposure Scenarios

g - AsxCy + AXCpq + Aggyr X Coreyrr + (Aps = As = Agigyr = Ap) X C

c
AWS

Parameter Definition Central High End
Tendency

Sc Weighted average constituent concentration in
total watershed soils (watershed and sub-basin
soils) based on surface area (mg/kg)

Ag Area of source (m?) Waste management scenario

specific

G Source constituent concentration (mg/kg) Chemical specific

A Area of residential plot (m?) 5,100

Cr Constituent concentration in residential plot - Calculated (see Table A-1.1))
Adult resident (mg/kg)

Agsur Area of buffer and surrounding areas (m?) Calculated (see Table A-1.5.)

Co/sur Buffer and surrounding area constituent Calculated (see Table A-1.11.)
concentration (mg/kQ)

Aus Areaof entire watershed (m?) 2.93x10°

Cws Watershed constituent concentration (mg/kQg) Calculated (see Table A-4.1))

Description

This equation is used to calcul ate the weighted average constituent concentration in the total
watershed soils, using the constituent concentration in the watershed soils and the constituent
concentration in each of the areas within the sub-basin (e.g., source, residential plot, and buffer
and surrounding area).
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Table A-4.19. Erosion Load to Waterbody

Subsistence Fisher Scenario

Sc,soil X de x BD

Le = Xows X (Ays = Ay ) X SDyg X ER X 8 ~ Kd x BD x 0.001
Parameter Definition Central Tendency High End

Le Constituent load via soil erosion
load (g/yr)

Xews Unit soil loss from the watershed Calculated (see Table A-4.6)
(kg/m?fyr)

S, qi Weighted average total watershed Calculated (see Table A-4.20.)
soil (watershed and sub-basin)
concentration based on sediment
transport (mg/kg)

BD Soil bulk density (g/cm?) 1.5

0 Volumetric soil water content Calculated (see Table A-1.17)
(cm¥/cm?®)

Kd, Soil-water partition coefficient Chemical specific
(L/kg) or (see Appendix F of Background
(cm®/g) Document)

Aus Tota watershed area (m?) 2.93x10°

A, | mpervious watershed area (m?) 2.05x10°

SDys Sediment delivery ratio for Calculated (see Table A-4.7.)
watershed (unitless)

ER Soil enrichment ratio (unitless) Organics=3

Metals= 1
0.001 Units conversion factor (g/mg)

Description

This equation calculates the load to the waterbody from soil erosion.
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Table A-4.20. Weighted Average Soil Concentration Based on Eroded Soil Contributions

All Exposure Scenarios

s - [txels X AgX Co X SDgg) + (X, grsurr X Agrsurr X Coygurr X SDgg) +(Xo g X A X Cg X SDgg
' [ Xews X Aws X SDyg
X (A — Ay~ Agsurr —Ap) XC
AWS
Parameter Definition Input Value
S:, il Weighted average total watershed soil
(watershed and sub-basin) concentration based
on eroded soil transport (mg/kg)
Xes Unit soil loss from source (kg/m?/yr) Calculated (see Table A-1.3.)
As Source area (m?) Waste management scenario
specific
Co Source constituent concentration (mg/kg) Constituent specific
SDgs Sediment delivery ratio for sub-basin (unitless) Calculated (see Table A-1.4)
Xep/sur Unit soil loss from buffer and surrounding areas Calculated (see Table A-1.20.)
(kg/m?/yr)
Ag/sur Buffer and surrounding areas (m?) Calculated (see Table A-1.5.)
Coisur Buffer and surrounding areas constituent Calculated (see Table A-1.11.)
concentration (mg/kg)
Xer Unit soil loss from field (kg/m?/yr) Calculated (see Table A-1.28.)
Ac Areaof residential plot (m?) 5,100
Ck Constituent concentration in residential plot Calculated (see Table A-1.1)
(mgkg)
Xews Unit soil loss from the watershed (kg/m?/yr) Calculated (see Table A-4.6.)
Aus Total watershed area (m?) 2.93x10°
SDys Sediment delivery ratio for watershed (unitless) Calculated (see Table A-4.7.)
Cuws Watershed constituent concentration (mg/kg) Calculated (see Table A-4.1.)

Description

This equation calculates the average concentration of delivered sediment for the watershed allowing for
different unit soil loss factors and sediment delivery ratios for each of the modeled areas.
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Table A-4.21. Total Waterbody Concentration

Subsistence Fisher Scenario

I‘T
Cutot =
VE X fer * K X WA, X (d,,+d))
Parameter Definition Input Value
Coor Total water body concentration,
including water column and bed
sediment (mg/L) or (g/(m®)
L, Tota chemical load into water- Calculated (see Table A-4.10.)
body, including deposition, runoff,
and erosion (g/yr)
\%# Average volumetric flow rate 3x10°
through water body (m?*/yr)
fater Fraction of total water body Calculated (see Table A-4.22.)
constituent concentration that
occurs in the water column (unitless)
Ko Overall total waterbody dissipation Calculated (see Table A-4.23))
rate constant (1/yr)
WA, Waterbody surface area (m?) 1.0x10°
d, Depth of water column (m) 0.64
d, Depth of upper benthic layer (m) 0.03

Description

This equation calculates the total waterbody concentration, including both the water column
and the bed sediment.
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Table A-4.22. Fraction in Water Column and Benthic Sediment

Subsistence Fisher Scenario

f

water

(1 + Kd, x TSS x 10°) x d / d,

(L + Kd, x TSS x 10%) x d jd_ + (6, + Kd,_ x BS) x d, /d,

fbenth =1- fwater
Parameter Definition Central Tendency High End
f veter Fraction of total waterbody
constituent concentration that occurs
in the water column (unitless)
Kd,, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix F of Background
Document)
TSS Tota suspended solids (mg/L) 80
10° Conversion factor (kg/mg)
d, Depth of the water column (m) 0.64
d, Total waterbody depth (m) Calculated (d,+d,)
d, Depth of the upper benthic layer (m) 0.03
Os Bed sediment porosity (L,,4/L) 0.6
Kd Bed sediment/sediment pore water Chemical-specific
partition coefficient (L/kg) or (g/cm®) (see Appendix F of Background
Document)
BS Bed sediment concentration (g/cm?) 1.0
foenth Fraction of total waterbody

constituent concentration that occurs
in the benthic sediment (unitless)

Description

These equations calculate the fraction of total waterbody concentration occurring in the water
column and the bed sediments.
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Table A-4.23. Overall Total Waterbody Dissipation Rate Constant

Subsistence Fisher Scenario

k. =f Xk, +

wt water \

Ky

Parameter

Definition

Central Tendency High End

Overall total waterbody dissipation
rate constant (1/yr)

Fraction of total waterbody
constituent concentration that occurs
in the water column

Calculated (see Table A-4.22.)

Water column volatilization rate
constant (1/yr)

Calculated (see Table A-4.24.)

Benthic burial rate constant (1/yr)

Calculated (see Table A-4.25))

Description

This equation calculates the overall dissipation rate of constituent in surface water due to
volatilization and benthic burial.
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Table A-4.24. \Water Column Volatilization Loss Rate Constant

Subsistence Fisher Scenario

KV
k

Vv

©d, x (1+Kdy, x TSS x 10)

Parameter Definition Central Tendency High End

K, Water column volatilization rate
constant (1/yr)

K, Overdll transfer rate (m/yr) Caculated (see Table A-4.13)

d, Total waterbody depth (m) Calculated (d,+d,)

Kd,, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix F of Background

Document)
TSS Tota suspended solids (mg/L) 80
10° Conversion factor (kg/mg)

Description

This equation calculates the water column constituent 1oss due to volatilization.
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Table A-4.25. Benthic Burial Rate Constant

Subsistence Fisher Scenario

Parameter Definition Central Tendency High End
ki, Benthic burial rate constant (1/yr)
foenth Fraction of total waterbody Calculated (see Table A-4.22)
constituent concentration that
occurs in the benthic sediment
W, Buria rate (m/yr) Calculated (see Table A-4.26)
d, Depth of upper benthic sediment 0.03

layer (m)

Description

This equation calculates the water column constituent loss due to burial in benthic sediment.
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Table A-4.26. Benthic Burial Rate Constant

Subsistence Fisher Scenario

W, - W, x ( TSS x 106]
Parameter Definition Central Tendency High End
W, Benthic buria rate constant (m/yr)
W Deposition rate to bottom sediment Calculated (see Table A-4.27)
(miyr)
TSS Tota suspended solids (mg/L) 80
10° Units conversion factor (kg/mg)
BS Bed sediments concentration (kg/L) 1

Description

This equation is used to determine the loss of constituent from the benthic sediment layer.
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Table A-4.27. Deposition Rate to Bottom Sediment

Subsistence Fisher Scenario

X xA x SD

x 1000 - fo X TSS

W _ e,ws WS WS
4P WA, x TSS
Parameter Definition Central Tendency High End
W Deposition rate to bottom sediment
(miyr)
Xews Unit soil loss from the watershed Calculated (see Table A-4.6)
(kg/m?lyr)
A,s Area of watershed (m?) 2.93x 10°
SD,. Watershed sediment delivery ratio Calculated (see Table A-4.7)
(unitless)
\%# Average volumetric flow rate 3.0x 10®
(myr)
TSS Total suspended solids (g/m°) 80
1000 Units conversion factor (g/kg)
WA Waterbody surface area (m?) 1x 10°

Description

This equation is used to determine the loss of constituent from the waterbody as it deposits
onto the benthic sediment.
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Table A-4.28. Total Water Column Concentration

Subsistence Fisher Scenario

XC . . Xx %

wt ~ water wtot d

Parameter Definition Central Tendency High End

Cut Total concentration in water column
(mg/L)

foater Fraction of total water body Calculated (see Table A-4.22.)
constituent concentration that
occurs in the water column (unitless)

Coor Total water concentration in surface Calculated (see Table A-4.21.)
water system, including water
column and bed sediment (mg/L)

d, Depth of upper benthic layer (m) 0.03

d, Depth of the water column (m) 0.64

Description

This equation calculates the total water column concentration of constituent; this includes both
dissolved constituent and constituent sorbed to suspended solids.
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Table A-4.29. Dissolved Water Concentration

Subsistence Fisher Scenario

C

B wt
de -

1 + Kd, x TSS x 10°°

Parameter Definition Central Tendency High End

Can Dissolved phase water concentration
(mg/L)

Cut Total concentration in water column Calculated (see Table A-4.28.)
(mg/L)

Kd,, Suspended sediment/surface water Chemical specific
partition coefficient (L/kg) (see Appendix F of Background

Document)
10° Units conversion factor (kg/mg)
TSS Tota suspended solids (mg/L) 80

Description

This equation calculates the concentration of constituent dissolved in the water column.
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Table A-4.30. Concentration Sorbed to Bed Sediment

Subsistence Fisher Scenario

C,=f xC._ X K xdW+db
sb ~ 'benth wtot ebs N des X BS db
Parameter Definition Central Tendency High End
Cy Concentration sorbed to bed
sediments (mg/kg)
foenth Fraction of total waterbody Calculated (see Table A-4.22))
constituent concentration that occurs
in the bed sediment (unitless)
Coot Total water concentration in surface Calculated (see Table A-4.21.)
water system, including water column
and bed sediment (mg/L)
d, Tota depth of water column (m) 0.64
d, Depth of the upper benthic layer (m) 0.03
Os Bed sediment porosity (unitless) 0.6
Kd Bed sediment/sediment pore water Chemical specific
partition coefficient (L/kg) (see Appendix F of Background
Document)
BS Bed sediment concentration (kg/L) 1.0

Description

This equation cal cul ates the concentration of constituent sorbed to bed sediments.
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Table A-4.31. Fish Concentration from Dissolved Water Concentration

Subsistence Fisher Scenario

Ciish = Cqw X BCF

Parameter Definition Central Tendency High End
Cisn Fish concentration (mg/kg)
Can Dissolved water concentration Calculated (see Table A-4.29.)
(mg/L)
BCF Bioconcentration factor (L/kg) Chemical specific

(see Appendix F of Background

Document)

Description

This equation calculates fish concentration from dissolved water concentration using a
bioconcentration factor.
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Table A-4.32. Fish Concentration from Total Water Column Concentration

Subsistence Fisher Scenario

Cian = Co X BAF

Parameter Definition Central Tendency High End
Cisn Fish concentration (mg/kg)
Cut Total water column concentration Calculated (see Table A-4.28.)
(mg/L)
BAF Bioaccumulation factor (L/kg) Chemical specific

(see Appendix F of Background

Document)

Description

This equation calculates fish concentration from total water column concentration using a
bioaccumulation factor.
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